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CHAPTER 3 
 
 
MATERIALS AND METHOD 
 
 
3.1 RESEARCH METHODOLOGY 
 
 This chapter explains the methodology adopted in this research. Basic principles 
of the instruments used in this research, an overview of the instrumentation, possible 
errors, and sample preparation methods are detailed in this chapter.  
 
Figure 3.1 shows the details of the research methodology. Correlation between 
QDs structure and the effect to the electron injection properties of QDSC was 
established using experimental and theoretical approaches. Structures of synthesized 
QDs were modelled based on crystal structure obtained by XRD and TEM; due to lack 
of information about their exact geometries. Series of calculations were carried out for 
structure optimization and realistic cluster model validation. Properties of the models 
were calculated i.e, (i) excited state electron mapping (LUMO map); (ii) absorption 
cross sections of single cluster (αA) and (iii) excited state and ground state energy levels; 
which are not experimentally feasible. Concurrently, models of dye, ligands and 
electrolyte were also optimized and validated. A thorough cell efficiency analysis was 
made in terms of the stated properties based on experimentally established QDSCs and 
DSSCs; fabricated using these components. Properties of QDs–ligand conjugates were 
also examined, i.e., adsorption energy and electron channelling efficiency; nonetheless 
effect of redox potential of electrolyte was also studied. To strengthen the findings, 
electron injection efficiency from QDs to MOS was studied. QDs–MOS conjugates 
were fabricated using five methods viz., SILAR, DA, LA, CBD and organo-metallic 
routes; utilizing CdSe QDs with structure and properties similar to the modelled ones. 
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3.2 CdSe QUANTUM DOTS SYNTHESIS AND CHARACTERIZATION 
 
3.2.1 Microemulsion Synthesis Procedure 
 
Non-ionic food grade surfactant sucrose ester S1670 was purchased from 
Mitsubishi Kagaku Food, 1-heptanol was supplied by Merck and deionized water 
(Purelab Prima Elga, 18.2 MΩ electrical resistivity) was used throughout sample 
preparations. Microemulsion phase was determined by varying 63 compositions of the 
components at 37 °C. All samples were prepared by mixing directly in glass vials by 
weight percentage (wt%) of each component and kept in water bath at 37 °C overnight 
to reach equilibrium state. Phase determination was done using Nikon e-clipse 2000 
polarizing optical microscope with Nikon D5000 camera and heating stage attachments. 
Three phases were observed i.e., (i) lamellar phase liquid crystal, (ii) microemulsion 
and (iii) emulsion.  
 
Lamellar phase lyotropic liquid crystals showed birefringency; easily observed 
compared to the isotropic microemulsion and emulsion phases that showed continuous 
black image by polarization of light. Microemulsion and emulsion phases were 
distinguished based on their physical appearance. Microemulsion phase appeared in a 
form of clear and thick solution; whereas emulsion phase appeared in a form of turbid 
and thick solution. The size of water droplets in emulsion phase is measureable under 
the microscope without polarization of light. Microscope images and ternary phase 
diagram of microemulsion region are presented in Appendix A (Figure A1-A3 and A4 
respectively). The type of microemulsions was determined using conductivity test. 
Water in oil (w/o) type of microemulsions has conductivity lower than 1 μS/cm; 
whereas oil in water (o/w) microemulsion has higher than the specified value 
(Nesamony et al., 2005). Conductivity measurement is presented in Appendix A (Table 
A1). 
 
For CdSe QDs synthesis, ~0.25 M Sodium Selenosulphate as Se precursor was 
prepared by an overnight reflux process of 5 g Se powder (ACS Across) and 15 g 
Sodium Sulfite anhydrous (Fluka) in 200 ml deionized water at 98 °C with constant 
stirring. The solution were cooled down to room temperature; filtered away undissolved 
